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Statement  of  the  Problem  Studied 


Macromolecules  (also  known  as  polymers)  are  very  large  molecules  that  are 
Integral  components  of  structural  plastics,  elastomers,  textile  fibers,  films, 
and  coating  materials — all  of  great  lmporance  to  both  the  military  and 
civilian  sectors.  With  the  exception  of  the  silicones,  virtually  all  polymers 
are  "organlc''-type  substances  derived  either  from  petrochemicals  or  directly 
from  living  things. 

A  number  of  years  ago,  we  discovered  an  entirely  new  class  of  polymers, 
called  polyphosphazenes.  These  differ  from  conventional  macromolecules 
because  they  have  a  backbone  structure  composed  of  ^inorganic  elements^  in  the 
form  of  alternating  phosphorus  and  nitrogen  atoms,  and  with  two  organic  groups 
attached  to  each  phosphorus  atom. 

These  polymers  have  now  been  developed  technologically  In  a  number  of 
different  laboratories,  Including  the  Army  Materials  and  Mechanics  Laboratory 
at  Watertown,  Massachusetts,  and  by  Industrial  companies. 

During  the  grant  period  1981  to  1984,  we  have  sought  to  advance  the 
knowledge  of  this  field  In  three  ways.  First,  we  have  explored  the 
possibility  that  polyphosphazenes  can  be  synthesized  that  will  optimize 
film-forming  properties.  Such  films  could  be  of  wide  use  In  engineering 
applications,  or  as  protective  barrier  materials  in  a  hostile  environment. 
Second,  we  have  pioneered  a  new  chemistry  of  polyphosphazenes  that  allows 
transition  metals  to  be  Incorporated  into  the  side  groups  attached  to  a 
polyphosphazene  chain.  Such  new  materials  are  of  Interest  for  their 
prospective  electroactive  properties  and  as  polymer-bound  catalysts,  perhaps 
for  use  in  batteries  or  fuel  cells.  Finally,  we  recognized  that  the  design 
and  synthesis  of  new  polymers  cannot  be  undertaken  efficiently  unless  a 
thorough  understanding  Is  available  of  the  reasons  why  specific  molecular 
structural  features  give  rise  to  certain  properties,  such  as  polymer  strength, 
flexibility,  or  electrical  conductivity.  Thus,  a  critical  part  of  our  program 
has  been  to  obtain  molecular  structural  Information  for  these  new  polymers  and 
to  correlate  these  data  with  the  observed  properties. 

Summary  of  the  Most  Important  Results 

^Film-forming  polyphosphazenes  have  been  developed  based  on  mixed 
substituent  polymers,  especially  those  with  both  hydrophilic  and  hydrophobic 
substituents.  The  surface  hydrophoblcity  of  such  polymers  has  been  studied  as 
a  function  of  the  side  group  ratios^ 

>A  variety  of  different  synthetic  methods  have  been  devised  and  developed 
for  the  linkage  of  metal-containing  groups  to  a  phosphazene  skeleton.  These 
Include  the  reactions  of  llthloferrocene  or  lithioruthenocene  with  h^logeno- 
phosphazenes ,  the  reactions  of  organometallic  anions,  such  as  NaFeCCb^Cp, 

N»2Fe2(CO)g,  Bu4NCr(CO)3Cp,  Bu4NMo(CO)3Cp,  and  Bu4NW(CO)3Cp._Stmilar 
derivatives  have  been  prepared  by  the  reactions  of  phosphazene  anions  with 
organometallic  halides. ‘^These  metallophosphazenes  constitute  a  new  class  of 
compounds  which,  at  the  high  polymeric  level,  should  give  rise  to  unusual 
electronic,  catalytic,  or  thermal  behavior. 


Finally,  oajor  progress  has  been  made  In  understanding  the  relationship 
between  molecular  structure  and  physical  properties  of  polyphosphazenes  by  the 
synthesis  and  X-ray  diffraction  study  of  a  series  of  linear  short  chain 
analogues  of  the  high  polymers.  The  new  structural  data  can  now  be  applied  to 
the  high  polymers  to  explore  the  reasons  for  unusual  phenomena  such  as  the  low 


glass  transition  temperatures  and  the  crystallization  behavior 
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